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^ a mt^ a PROCESS FOR THEIR PREPARATION 
AMIDES OF HYALURONIC ACID AND THE DERIVATIVES THEREOF AND A PROCESS 



SUBJECT OF THE INVENTION 

. is dircc tcd to amides of hyaluronic acid and 

TVl , nrrS rnt invention is Q» cl - l<ru , . , 

The prcscm u „v, or maccutical formulations, of 
, Wr-nf for the repar ation of pharma ccuuegj. 

their preparation. 

FIELD OF THE INVENTION 
• *eid is a heteropolysaccharide composed of alternate residues 
Hyaluronic acid is a ^ ItHs a s*aight-chamed 

^^rri::ir::r of — — 

ICoo" Da depending on the source from which it was 
h e'thods used to obtain it. U is present in nature in pericellular gels, 
o the methods used to ^ tissuc of vertebrate 

m ^ fundamental substance of the ~nne ^ ^ 

orgaI11 sms of which it represents one of ^ rna P ^ 

jovial fluid of the joints, in the vitreous humor, in the 

cord tissues and in rooster combs. , erivativcs have been 



and tissue engineering. aje to own 

water-insoluble compositions constituted y 
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reaction between the carboxyl of hyaluronic acid a nucleoli, , 
aminic compound and an »rti *■ n ucIeophil, such as an 

Sneh • / acuvaung agent fUS 5,760,200; US 4 937 270) 

Such mixtures are mainly used in rh, * <W.270). 

adhesions. preVen ^ °* post-surgical 

U.S. patent No. 5,733,891 describes pharmaceutic! 

containing amide derives of hyaluronic 172T^ C <™°~ 

carboxyls with basic an ti turn. , reaction of its 

anti- tumour agents. The purpose of «,„ 
compounds is to focus the action of the active pnnciplT 1 I 
tissues and in i.w* i- principle on the diseased 

issues and to Wt any harmful effects on the healthy Ussues 

Moreover, there are taown amjdes rf ^ ' 

h^uton. .=,,, with Ph0t05enaitivc compounds bound poWu ; c t; a 

compounds that act as bnd K es in the- f junctional 
5.462,976). formation of amide bonds (US 

Lastly, there is a known process for th* „ 

Hv , K Process for the preparation of insoluble amides 

by the reaction of active ester* n f u , - s 
95/24429). ° f hy3lUr °™ ™th amines. (WO 



15 

95/24429). 



20 



25 



3U 



am d H PrCSeM mVCnt, ° n iS l ° iS ° lated - d ^cterised 

anodes of hyaluronic acid or derives thereof, obtamed by reacting J 

carboxy g^ups or amino groups onginaung from deacetyatL jTw 
wtth ammes and acids of the aliphatic, axo^e. ary^L' 
cyCoahphaUc, heterocyclic series respective*, and without^! ^ 
spacer chains. 01 

Said compounds can he e.ther water soluble or insoluble, according to the 
acd. the amme, the percentage of amide bond or the derivative^ 
hyaiuromc acid used to prepare the amide 

Therefore, the products according to the present invention are suiubie for 
a large number of appl.cadons according to their so.ubility in water thj 
vscos.ty and the stability of the amide bond 

Indeed, said compounds cat, be used to prepare both pharmaccudcaf 
composes and b.omaterials. Moreover, they have the advantage of 
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being able to be formed by reaction, not only wath amines, but also with 
pharmacologically active acids. 

DETAILED DESCRIPTION OF THE INVENTION 
The present invention us directed to amides of hyaluronic acid and 
< denvatives thereof for the preparation of pharmaceutical formulates, 
bl omatenals and for the coating of biomedical objects and the process for 
their preparation- 

The anndes accord^ to the ptesent mvenuon can he represented by the 
follows generai fortnuta that represents the repetitive unit of the 
iu polymer: 




15 



wherein: 
R = 



20 



Ri, Ra. Rj. R> " 



25 



Rs = 



NRgRy, or alcoholic group of the aliphatic, 
aromatic, axylaliphatic, cycloaliphatic, 

heterocyclic sencs, OH, O-. alcohohc group of 
hyaluronic acid, amino group of deacylated 
hyaluronic acid; 

H, SO3-, acyl group derived from a carboyxylic 
acid of the aliphatic, aromatic, arylaliphatic, 
cycloaliphatic, heterocyclic series. -CO- (CH 2 ) 2 - 
COOY; Y = negative charge, or H; 

-CO-CH3, H. SO3-. acyl group derived from a 
carboxylic acid of. the aliphatic. aromatic, 
arylaliphatic. cycloaliphatic. heterocyclic series, 
acylic group of hyaluronic acid. 
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" is H or a aliphatic, aromatic, arylaiiphatic 

cycloaliphatic, or heterocyclic group, substituted 
or un substituted; 

R? ~ is H or a aliphatic, aromatic, aiylaiiphatic 

cycloaliphatic, or heterocyclic group, substituted 
or unsubstituted; 
wherein at least one of R or Rs forms an amide group 

These are therefore amides obtained by reaction of an amine with a free 
caxboxyl of hyaiuronic acid or a derivative thereof, or by reaction of an 

ZrZ 3 dCaCyIa " d aJDm0 ° f hyaJUr ° niC ° r a 

Of the hyaluronic aod denvaUves that can be used to prepare amides 
according to the present invention, the following are preferred- 

hyaluronic acid esters wherein a part or all of the carboxy functions 
are esterified with alcohols of the aliphatic, aromatic, arylaiiphatic, 
cycloaliphatic, heterocyclic series (EP 0216453 Bl)- 
- autocross-Hnked esters of hyaluronic acid wherein a part or all of 
the carboy groups are esterified with the alcoholic functions of the 
same polysaccharide chain or other chains (EP 0341745 Bl)- 
■ the cross-linked compounds of hyaiuronic acid wherein a part or all 
of the carboxy groups are esterified with polyalcohols of the 
ahphatic, aromatic, aryl aliphatic, cycloaliphatic, heterocyclic series 
generating cross-linking by means of spacer chains (EP 0265116 
Bl); 

hemiesters of succinic acid or the heavy metal salts of the hemiester 
of succinic acid with hyaluronic acid or with partial or total esters of 
hyaluronic acid (WO 96/357207); 

the O-sulphated derivatives (WO 95/25751, or N-sulphated 
derivatives (PCT/EP98/0 1973). 
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Of the amides obtained by reaction of an amme on the carboxyl of 
hyaJuromc acid or of a derivative thereof, of particular interest are the 
water-soluble ones. 

By amide is meant a group of the formula -CON-. 

Aliphatic means acyclic or pertaining to open-chain or branched carbon 
compounds such as alkanes. afkenes or alkynes. Examples of an 
aliphatic mo,ety include but axe not limited to C,-C 2 o noncychc 
hyd rocarbons and then isomers such as methyl, ethyl, propyl, tsopropyl, 
n .butyl tert-butyl, isobutyl, pentyl, iscpeniyl, neopentyl, tert-pentyl. 2- 
m cthylbutyl, ,.2-dimChy.propyl. hex-yl, .sohexyl, i-methylpentyl 2- 
m eQtylpentyl, 3-methylpenty,. 1 , 1 -dnnethylbutyl, 1 ,2-dtmethylburyl. 2.2- 
d.methlbutyl, 1 .3-dimethy.buty 1 , 2,3-d,m=thyIbutyl, 3,3-dime tt », 1- 
ethylbutyl, 2-ethy.butyl. 1 ,1 ,2-trimethylpropyl. 1 ,2,2-trimethylpropyl, 
heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, 
,5 pentadecyl, hexadecyl, cctyl, heptadecyl, octadecyl, nonadecyl, stearyl, 

etc ■ - 

Aromatic means an aryl moiety having one or more unsaturated rings, 
eacb ring usually having 5 to B members and preferably S to 6 members, 
maples of the aromadc moiety indole but are not limited to benzyl, 
20 mluyl. napthalyl, anthracenyl, phenanthryl. fluorenyl, coronenyl. 
tnphenylenyl, fluoranthenyl, benaofluoranthenyl, benzopyrenyl. and 

cTclolIiphadc pertains to a carbon ring struchare, usuaUy having 3 to 8 
members and preferably 5 to 6 members, that does not eonlaan a 
„ resonance suucture. Examples of cyrfoahphatic groups mclude but are 
notkmitedtocycloalkanesandcycloolefinssuchascyclopropy 

Cyclobutyl, cyclopenty.. cyclohexyl. cyCobepty,. cyclooctyl, cyclohexenyl 
(tetrahydrobenzenyll, cyc.ohexylidcnyl, and cyclooctadicnyl. 
The heterocyclic series pertains to d.similar atoms in a nng. A 
30 heterocyclic group is a heteroary. group usually havmg a 3- to 8- 

membered. preferably 5 to 6-membered ring or fused nng contammg 
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least one hetero atom , such as O s N etc 1 anrf * 

limited to thtenyi, furanyi, pyrany, 2 h 2oM *™ * 

isosazoly, ^f!^ A 
5 ind„r H , fenzothtenyl, isobenzofurany,, chromenyl 

» mdohndtnyl, tsoindoly,, ind= lyi , purinyI , quInolidinyl £ 

qumoiy,, phthalazinyl, quinary,. carbaj!oM ^Jl^^ 1 

phenanthridinyl. """' antl 

An -yUilcyl gtoup is a group having both ^ d 

cyclohexyjbeney,. styreny,, and biphenyl 

rrj oTaTy^r; rr from an ~ - * - 

« limited to form* ZZIL ^ gr ° UPS inC ' UdC bUt « « 

«- -* a /^s^~rrrr usw ^ pi ^ ; 

groups suob o^y, and suooL ^"Zd ^ ^ 
furoy,. niootnoy,, isomcottnoyl, etc. h«eroaroy,s such as 

Such amides can be used to advantage for the 
Pharmaceutics, compositions, for examp.e L J ^ 
transport and reiease of drugs or bioiogily acUve uoltl ^ 
-coCastic surgery or in ophthaimic surgery " * 

™tais the Cements of ^^VZ^J^Z ^ 
such as siiver, iron, cohait. copper, ainc. L2 sl n tiuT ^ 

arttimony. go,d, cesium, tungsten, seientum. p^uT' T"' 

btsmuth, tin. atanium Md J,!t j" 

dermatoiogy. in ophthajmoiogy, in d enLtry, to™ JT ^ 

uroiogy, gynaeco,ogy, mtemal K Z % ' 

urgeiy, as food supplements, anti- 
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oxidating, anti-rheumatic, anti-tumoural, anti-inflammatory, analgesic 
and anti-ulcer agents. 

Moreover, the amide derivatives can be obtained by reaction of carboxyl or 
deacylated nitrogen of hyaluronic acid or a derivative thereof with an 
amine or with a pharmacologically active acid respectively, or they may be 
salified or simply associated with said compounds. 

Of the pharmacologically active substances, the following are preferred: 
antibiotics, anti-infective, antimicrobial, antiviral, cytostatic, cytotoxic, 
anti-tumoral, anti-inflammatory and wound healing agents, anaesthetics, 
analgesics, vasoconstrictors, cholinergic or adrenergic agonists and 
antagonists, anti-thxombotic, an ti- coagulant, haemostatic, fibrinolytic and 
thrombolytic agents, proteins and their fragments, peptides and 
polynucleotides. 

Hereafter we report some examples of pharmacologically active 
substances belonging to the aforesaid classes of drugs: 
--_ antibiotics: amino glycosides, macroHdes, tetracycline, peptides 
such as gentamicm, neomycin, streptomycin, dihydrostreptomycm, 
kanamycm. amikacin, tobramycin, spectinomycm, erythromycin, 
oleandomycin, carbomycin. spiramycin. oxytetracychne, 
^tetracycline, bacitracin, polymyxin B, gramicidin, cohstm, 
chloramphenicol, lincomycin, vancomycin, novobiocin, ristocetin, 
clindamycin, amphotericin B, griseofulvin, nostatin and their salts; 
gnti-infective agents : diethylcarbama^ine, mebendazole, sulfamides. 
such as sulfacetamide, sulfadiazine, sulfisoxazolc; 

a ntkyjrals and axiti-tumo rak: iodoxuridine , adenine, ademne 
arabmoside, trifluorothymidine, acyclovir. ethyldeoxyuridinc, 
bromovinyldeoxyundine, 5-iod 0 -5>-amino-2'.5"-d l deox>airidine; 
steroid anti-inflam matory agents : dexamethasone, hydrocortisone, 
prednisolone, fhiorometholonc. medrisone and their esters; 

.^n.steroid ^-inflammatory ^ents: indomethacin, 

oxyphenbutazone, Cluorbiprofene, diclofenac, ibuprofen; 
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anaesthetics; bcno^inat^ 

- oenoxmate, proparacaine, dibucaine tm 

became, ben^amine, ^ ^ '^ame. 

• Stea^m: pilocarpine, tncthacholine, arto ^ fc( 

chaiincr^c antagonists: atropine and its salts- 
" ^^-^te noradrenaJini adrenalini 
methoxamme and their salts; 

^STEie^^nia^Offlsts: propaIlol ^ bupranolo, 
atbcnCo,. m et hopr o 1 o,. oxprcno.o,, praetolol, butoxamj" 
butadnnc, labetalol and their salts; ' 

- ^^toe; nitrofurazone, maf enide 
cMorhextd.ne. the derives of 8-hydro^uinohnc and their sahs 

- evrotoxjcs; fluorouracil, methotrexate, podophyUin 

" 1 P3TtiC T mtCr=St m "* f ° rmS f ° r «^ — -lease of the 
above satd substances and of biology active substances sulh as 

eZTs T ^ -oteth faetort 

. h - or hyper-act^ due to defec^f r reltr; ~ 
enzyme, defornung diseases and hereditary diseases 

Th, annde derivatives according to the present invention, in association 
wtth radtoacuve and non-radioactive substances, used in contrast 
systems, can be used as markers in ,„ mVo *? 
idenUucabon and treatment of tutnour tissues or damajd JsaL 
One cons.derab.e advantage is represented by the possibility of processing 
the am.de compounds end their salts in different fortns of bilateral 
such as spores, films, metnbranes, threads, tampons, nonwoven ^bnc 

Z^T" ^ - ™* channei, Sail' 

b.omatenals. used in one or tnore associated forms. may be 

by one or mote amide derivatives and their salts, optional* in association 
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with other natural, synthetic or semisynthetic polymers, and optionally, 
with biologically active stubstances. 

Some examples of natuxaJ polymers that can be used are collagen, 
coprecipitates of collagen and glycosarninoglycans, cellulose, 
s polysaccharides in the form of gels such as chiun, chitosan, pectin or 
pectic acid, agar, agarose, xanthane, gellan, alginic acid or the alginates, 
polymannans or polyglycans, starch and naturaJ gums. 

Semisynthetic polymers, for example, can be chosen from the group 
consisting of collagen cross-linked with agents such as aldehydes or 
,o precursors of the same, dicarboxylic acids or then- halogenides, diamines, 
denvatives of cellulose, hyaluronic acid, chitin or chitosan, gellan, 
xanthane. pectin or pecUc acid, polyglycans. polymannan. agar, agarose, 
natural gum or glycosaminoglycans. 

Lastly examples of synthetic polymers that can be used are polylacuc 

is acid, polyglycolic acid or copolymers of the same or their derivatives, 

polydioxanes, polyphosphates, polysulphonic resin, polyurethanes, 

The above said biomaterials can be used to advantage in various fields of 
surgery such as in internal and osteo-arhcular surgery, neuro- surgery. 
20 anastomotic, viscoelastic, ophthalmic, oncological, plastic and aesthetxc, 
otorhinolaryngologic*!, abdominal and pelvic, uxogynaecological 
cardiovascular surgery, in the prevention of post-surgical adhesions and 
hypertrophic scarring- 

Moreover, the amide compounds in association with fibrin, and optionally 
75 other biologrcally acuve substances, ear, be used for the preparabon of 
surgical glues. 

The b.omatcriaJs according to the present invention car, be used not only 
in the field of surgery bur also tn hacmodyalis.s. cardiology, dermatology, 
ophthalmology, otorhinolaryngology. denrrstry. orthopaedics, gynaecology. 
,„ uroiogy. in extra-corporeal blood circulation and oxygenat.on, tn 
cosmetics and in axigiology. 
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Sa,d biomatenais, fa their vtndous for™, ^ be used . rf 

scaffolds on which to grow eells such advantage as 

cells to obtain connect^ „ ""^ ««• « »*« 

CUVe - glandular and nerve tissue 
These biopolymers can also be used .« ^ 

» u~d both in the medtca, fie d ^d rf ~*»« 

, . , 1 xieia in industrial sectors „- • 

b.olog.caj characteristics to tho s „ rf „™ ... S> 
support. " mat erial used as a 

Examples of the objects that can be coated »„ «. 

probes, cardiac valves, soft tissue ITi ' 

•uch as card,ac valves Z ° f ™ origtn 

m pi S s - artificial tendons h„ 
card.ovascular prostheses, contact lenses blood 

kidney., hearts. pancrcas _ .. ^ ^nators, artificial 

pancreas, and livers, blood ba K s svrin^e 
instruments, filtration systems labor*, - syringes, surgica] 

cultures and for the re J! r ^ St — ts. containers for 

tne regeneration of cells and tissue „, 
peptides, proteins and antibodies. PP ° TtS f ° r 

The process of coating the surface of such objects can be r 
example by the Pla^m* n oojects can be performed, for 

7 the Plasma Coating technique, described in the inter. *• , 
patent application bv at- mternaUonal 
PP cation by the Applicant, publication No. W096/24392 

following steps- ^ SUir ^*^d as the 

preparation of the ouatrm^, ' dS3 " 389 ); 

une quaternary ammonium salt nf a 

compound such as the tetrabu^ammonlum ^« 

e~° n :; — * «« f °™ — e ester, for 

example. of paramtrophenylestcr of almh.,;,. 

^aliphatic, cvcloaliphatic or helcroeyeUc ad, " am ^ 
formation of the amide; hct "°^ chosen for the 
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N-acylation reaction between the quaternary ammonium salt of 
hyaluronic acid or of one of it. dcacetylated derives and the 
acyl^ting agent. 

e compound is analytically charactensed by the Mowing mettrods: 
analysis of the percentage of free amino groups: 

the method described by J- Rfesenfdd [AnaJy. Bioch. 1990. vol. 188, 

pp 3S3-389); . 
mean molecular weight: 

L u deterged by GPC ustng a se, of Shadex B-803 and B-806 
columns, and RI and MALLS equipment; 
IR and UV spectroscopy analysis: 
TLC analysis. 

The sample is hydrolysed m a Imol. sdution of sodhrm hydrox.de 
for 2-4 hours at 70"C and then acidified with a 1 mol. solution of 
hydroch.oric acid. The acid that is released durrng hydrolysis „ 

extracted with organtc solvent. The dry organic extract is analysed 

by HPLC. 

% of N-acylation [hydrolysis of the amide) 

types of analysis arc performed to measure the percentate of N- 

acylated groups: 

a) the method described by J. Rresenfeld (Analy. B.och. 1990, 

vol. 188, pp 383-389); 
b , the samp.c >s hydrolyscd in a 1 mol. solution of sodtum. 
hydroxide for 2-4 hours at 70"C and then acidified wtth a 1 
m ol solution of hydrochloric acid. The acid that is released 
during hydrolysis is extracted with organic solvent. The dry 
organic extract is analysed by HPLC. 
P.cparadon of the amides oo the carboxy! of hyaluronic ac.d or a 
der vabve hereof coasts in acuvatmg the carboxy groups by reachon 
the same, in acid form or in the form o, <,ua,e,ma,y — 
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an agent such as carbonyldiintida^le, which converts carbosylic acid in 
the reactive form of an acylating agent. 

Sa,d reaction can be performed by cataiys.s with hydrochlonc acid or add 
resm and with an amine of the aliphatic, aromatic, arylal lp ha t 
s cycloahphatic and heterocyclic series. ^aliphatic, 

Characterisation of the compounds inrfnrf~ 

- ' ^"^wuig methods: 

IK and UV spectroscopy: 

Chromatographic analysis. 

for 2 4 Ws at 7Q . C ^ ^ ^ ^ 
hydro ys.s ,se toW * organic soIvent . The 

is analysed by HPLC. extract 

The percentage of amidation of the product is generally in rt, 

about 1% to about 90%; more preferabiy , ^ ^ J f 

is about 60 %3 and mos t preferably in the range of about 20°/ t K 

Example i S Ut 20 /0 to ab °ut 50%. 

Preparation of partial* tf-deacetyUted nyalurt>nic acid fa ^ 
sodium salt (DHA/NaJ of 

One gram of sodium hvaluronstp «wf>. 

-rr* "yaiuronate, with a mean molecular weigh, nf finn 

o Kd. JS sdubihsed fa 50 m) of a 1% so]utjon ^ 

hydrazine monohydrate. suipftate m 

This is left ,o react under agitation for five days U30 hours, at SS'C after 

whtch the reaction is stopped by adding 100 mi 

The precipitate thus formed is filtered throueh a Ooorf, 

with rr ^ dried at room ^^^^T 

Any hydra.de of hyaluronic acid that win probably be ^ ^ ^ 

reaction wnh hydrazindysis is destroyed by reaction with HI^T 

acid). As the reaction may be very vigorous it i, „ , 

the reaction container in iced waZr ^ ^ 

sodium acetate and reacted with 2 5 ml of a 0.5 M solution of iodic^ 
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The reaction proceeds for 30 minutes under action, after w hl ch S ml of 
a 57% solution of Hi is added to destroy any unreacted HIOs. 
The todinc that has formed is extracted from the aqueous solution wrth at 
feast mree 30-rrJ allots of ethyl ether (until complete decolourtng of the 
s aqueous phase,. The aqueous solution is brought to neutral P H by addtng 
a solution of NaOH O.SM followed by treatment with 100 ml of ethanol. 
The precipitate obtamed is filtered with a Gooch crucible, washed wrth 
eth anol and then dned at room temperature and at reduced pressure. 
The product obtained is characterised analytically to determmc the 
,„ percentage of N-deacetylated groups and the mean molecular wetght. 
Yield of the reaction 90 /o 

% of N-deacetylation 26% 
mean molecular weight 130 Kda 

Example 2 

Preparation of the salt of hyaluronic acid partially N-deacetylated 
with tetrabutylammonitim (DHA/TBA). 

One gram (2.5 mmol.) of hyaluronic acd sodium salt, partially N- 
deacetylated, is solubilised in 60 mi of water and the soluhon » 
percolated through a column filled with 25 ml of a sulphonic resur m the 
20 form of tetrabutylammonium salt (TBA). The sulphonic resin m H" form >s 
activated with a 40% solution w/v of TBAOH. 

The eluate, containing N-deacetylated hyaluromc acid TBA salt xs 
collected and freeze-dried. 
Example 3 

25 Preparation of p-NC-phenylester ofbenaoic acid (acylating agent, 

Ten grants (0.082 mol., of benzotc actd is solubifised in 800 ml of CH 2 Cb, 
after which 1 1.4 g (0.082 mol.) of p-NO 2 -phen0> and 16.9 g (0.082 mo!, of 
DCC (Dicyclohc-ylcarbodiimide) are added. The reaction proceeds for 
hours, while the solution is boiled and refluxed. 
M S^«*, the that for™ is fute«d *- auered 

product is dried with a rotavapor under reduced pressure. The product 
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thus obtained is purified by repeated crystallisation in ethyl acetate The 
crystals are filtered and placed to dry at room temperature at reduced 
pressure. 

The derivative is characterised by TLC analysis (eluent: CH 2 Cl 2 / et hyl 
5 acetate 90/10 and RfK>.77, and by IR and UV spectroscopy. 
YieJd of the reaction 92% 
Example 4 

Preparation of p-NO.-phenylester of cinnamic acid (acylating agent) 

Twelve grams (0.082 mol.) of cinnamic acid is solubilised in 800 ml of 
» CH2C12, after which 11.4 g (0.082 mol.) of p-N0 2 -phenol and 16 9 g 
(0.082 mol, of DCC (Dicyclohexylcarbodiimide) arc added. The reaction 
proceeds for 2 hours during which time the solution is boiled and 
refluxed. 

Subsequently, the dicyclohexylurea is filtered and the filtered product is 
dned using a rotavapor at reduced pressure. The product obtained is 
purified by repeated crystallisation in ethanol, the crystals are filtered and 
left to dry at room temperature and reduced pressure. 

The derivative is characterised by TLC analysis (eluent: CH 2 Cl 2 /ethyl 
acetate 90/ 10 and Rf=0.77) and by IR and UV spectroscopy. 
Yield of the reaction gg0/& 
Example 5 

Preparation of p-N0 2 -phenylester of dodecanoic acid (acylaUng agent, 

Sixteen grams of dodecanoic acid is solubilised in 1 litre of CH 2 C1 2 after 
which 11.4 g (0.082 mol., of p-N0 2 -phenol and 16.9 g (0.082 mol.) of DCC 
(Dicyclohexylcarbodiimide, are added. The reaction proceeds for 2 hours 
during which time the solution is boiled and refluxed. 

Subsequendy, the dicyclohexylurea is filtered and the filtered product is 
dned using a rotavapor at reduced pressure. The product obtained is 
purified by repeated crystallisation in ethyl acetate, the crystals are 
filtered and left to dry at room temperature and at reduced pressure 
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The derivative is characterised by TLC analysis (eluent: CH 2 Cb/ethyl 
acetate 90/10 and Rf - 0.77) and by IR spectroscopy. 

93% 

Yield of the reacuon 
Example 6 

Preparation of p-NO.phenylester of stearic acid (acylating agent, 

23 3 grams of stearic acid is solubiliscd in 1 litre of CH 2 C1 2 , after wh 1C h 
„4 g (0 082 mol.) of P -NC,-phenol and 16.9 g (0.082 mol.) of DCC 
picyclohex-ylcarbodfimide) arc added. The reaction proceeds for 2 hours 
during winch time the solution is boiled and refluxed. 

Subsequently the dicyclohexylurea is filtered and the filtered product is 
c^ed using a rotavapor at reduced pressure. The product obtained „ 
purified by repeated crystallisation in absolute ethanol, the crystals are 
mtered and left to do' at room temperature at reduced pressure^ 

The derivative is charactered by TLC anaiysis (eluent: CH 2 Ch/ethyl 

..acetate 90/10 and-Rf = 0.82) and by IR spectroscopy. 

Yield of the reaction 

Preparation of p-NOrphenylester of o-aoety. salieyUc acid (acylatmg 

0 "Tg of acetylsahcyltc acid is soiubifised in 1 fitre of CH 2 C, 2 , after which 
U 4 g (0 082 mol.) of p-N0 2 - P henol and 16.9 g (0.082 mol.) of DCC 
(Dicyclohcxylcaxbodiimide) are added. The reaction proceeds for 2 hours 
during which time the solution is boiled and refiuxed. 

Subse q uentiy, the d,cyc,ohe*ylurea that forms is filtered and the filtered 
„ product is dned using a rotavapor at reduced pressure. The product 
obtained is purified by repeated crystallisation m absolute ethanol. the 
crystals are filtered and left to dry a, room temperature at reduced 

pressure ch „ acterised by TLC analysis (eluent: CH.Cb/ethyl 

The derivative is cnaracLcr^cu ^ y 

30 acetate 90/ lO a^d Rf-O.82) axad by IR spectre scopy. 

~ S0% 
Yield of the reaction 



WO 00/01733 

PCT/IB99/01254 
16 

Example 8 

Preparation of partially N-acylated hyaluronic acid (with the benzoic 
acid derivative) 

One gram (1.6 mmoL) of DHA/TBA (26% deacetylation) is solubilised in 
5 50 ml of DMSO, after which 5 ml of a 10% solution of p-N0 2 -phenylester 
of benzoic acid (prepared according to exanrole 3) in HMRn t« tu, 

- * j j.^. «.w.u.wu. X iiC 

reaction proceeds for 24 hours, under agitation at room temperature 
after which it is blocked by adding 2.5 ml of a saturated solution of NaCL 
This is left to react for 30 minutes and then 100 ml of ethanol is slowly 
.0 added. The precipitate thus obtained is filtered through a Gooch, washed 
with ethanol and ethyl ether and lastly dried at room temperature and at 
reduced pressure. 

The derivative is analysed by TLC (after hydrolysis of the axn.de), 
colorimetric analysis of the percentage of free NH 2 groups and IR and UV 
1 5 spectroscopy. 

Yield of the reaction 85% 
%freeNH 2 H o /o 
% N-acylation 2 5% 

Example 9 

20 Preparation of partially N-acylated hyaluronic acid (with the 
derivative of cinnamic acid) 

One gram (1.6 mmol.) of DHA/TBA (26% deacteylation) is solubilised in 
50ml of NMP, after which 10 ml of a 10% solution of p-N0 2 - P henylester of 
cinnamic acid (prepared according to example 4) in NMP is added. The 

25 reaction proceeds for 24 hours, under agitation, at room temperature 
after which it is blocked by adding 2.5 ml of a solution saturated with 
NaCl. This is left to react for 30 minutes and lastly 100 ml of ethanol is 
slowly added. The precipitate thus obtained is filtered through a Gooch 
crucible, washed with ethanol/ water 9:1, ethyl ether and lastly dried at 

so room temperature at reduced pressure. 



'■10: <WO 0001733A1_I_> 




T/IB99/01254 
WO 00/01733 

17 

a kw TTC (after hydrolysis of the amide), 
The denvative is analysed by TLC (alter y 

nf free NH-? groups and IR and UV 
colonmetnc analysis of the percentage of free rsri 2 gr p 

spectroscopic analysis. 

Yield of the reaction 85 /o 

% free NH2 

% N-acylahon 

P^T^n of partial* N-acyUted nyamronic acid (witfc a denvative 

of dodecanoic acid) 

. one gran, (1.6 mmol.) of DHA/TBA (26% dcacetylation, .. solubd.scd m 
50 nfiof NMP, after which 3.2 ml of a 10% solution of p-NO.phenyleater 
o, dodecano.c acid (prepared according to example 5, in NMP Is added. 
Th e reaction proceeds for 24 hours, under agitation, at room temperature 
which it is blocked by adding 2.5 ml of a saturated solution of NaCh 

, 5 Thi s - a ,eft to react for 30 mrnutes, after which 100 ml of ethano, is gentfy 
added. The precipitate obtained is filtered through a Gooch , washed wfth 
ethano, and ethyl ether and lastly dned at room temperature at reduced 

TnT Trivative is analysed by TLC (after hydrolysis of the amide, 
2 „ colonmetiic analyst of the percentage of free NH 2 groups and K and UV 
spectroscopy. 

88% 

Yield of the reaction 

% freeNH2 10/ ° 
% N-acylation 



25 



Potion of partial* N-acylated hyaluronic acid (with th. 
derivative of stearic acid) 

One gram ,1.6 mmol, of DHA/TBA (26% deacetylation, » solubfiis d n 50 
, wb 6 ml of a 10% solution of p-N0 2 -phenylester of 
ml of NMP, after wh.ch 6 ml of a 1 

.uric acid (prepared according to example 6, m NM 

taction proceeds for 24 hours under action at room temperature after 
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which it is blocked by adding 2.5 ml of a saturated solution of NaCl. This 
is left to react for 30 minutes and then 100 ml of ethanol is slowly added. 
The precipitate thus obtained is fxltered through a Gooch filter, washed 
with ethanol and ethyl ether and lastly left to dry at room temperature 
5 and reduced pressure. 

The derivative is analysed by TLC (after hydrolysis of the amide), 
colorimetric analysis of the percentage of free NH 2 groups and IR and UV 
spectroscopy. 

Yield of the reaction 85% 
io % free NH 2 12% 
% N-acylation 140/ o 

IR spectroscopy (Figure 1): the figure shows the difference between the IR 
spectrum of the amide and that of hyaluronic acid sodium salt. In the 
spectrum of the amide, there is an evident peak in the area of 2900 cm-1, 
15 due to the stretching of the CH 2 of the stearate. 
Example 12 

Preparation of partiaUy N-acylated hyaluronic acid (with acetyl 
saJicylic acid derivative) 

One gram (1.6 mmol.) of DHA/TBA is solubilised in 50 ml of NMP, after 
so which 3.2 ml of a 10% solution of p-N0 2 -phenylester of acetyl salicylic 
acid (prepared according to example 7) in NMP is added. The reaction 
proceeds for 24 hours under agitation at room temperature, after which it 
is blocked by adding 2.5 ml of a saturated solution of NaCl. This is left to 
react for 30 minutes and lastly 100 ml of ethanol is slowly added. The 
5 precipitate thus obtained is filtered through a Gooch crucible, washed 
with ethanol and ethyl ether and then dried at room temperature and 
reduced pressure. 

The derivative is analysed by TLC (after hydrolysis of the amide), 
colorimetric analysis of the percentage of free NH 2 groups and IR and UV 
? spectroscopy. 

Yield of the reaction 90% 
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%{reeNH 2 l0% 
% N-acylation l6% 



in 



Example 13 

Preparation of bemtylamide of hyaluronic aoid 

Two grams (3.2 mmol., of tetrabuft— » salt of hyaluronic acxd 

(HA/TBA) is solubiUsed in 100 ml of DMSO. This solution a 
upp.emented with 3 mi of humtd actd resm in DMSO and 784 m g ,4 8 . 

mmo, ) of Ll-carbonyldnmidazote. Th,s is left to react under agttiation for 
12 hours after which it if filtered trough a Gooch crucible to ehmrnate 

the resm 'and the filtered product is supplemented with i ml (9.6 mmo„ of 
benzylamine. This is left to react for 48 hours and then 5 ml of a 
saturated solution of Nad is added and it is left under agitatrcn for 30 
tntnutes. It is supplemented with 200 ml of acetone and the prectpttate 
thus obtained is filtered and dned at reduced pressure. 
, The dry-derivative is characterised by TLC, IR and HPLC analysis. 

% of amidation 25 ° /c 

mscmres 2 and 3V the spectrum in figure 2 clearly shows 
IR spectroscopy (Figures z ana oj. mc y 

. peak at 1537 cm-1 due to bending in the NH plane (the amtde band, 
and a peal, at about 730 cm- 1 due to bending of the CH outstde the plane 
, of the aromatic ring. Figure 3 shows the difference between the graph 
relative to the amtde and that of the sodium salt of hyaluronic acid. 
Example 14 

Preparation of benzylamide of hyaluronic acid 

Two grams ,3.2 mmol.) of tetrabutylammonium salt of hyaluronic actd 
„ (HA/TBA) is soiubilised in 100 ml of DMSO. The solution ts adjusted to 
" pH 3 with HC1 1M and then 784 mg (4.8 mmol.) of 1,1- 
oarbonyldnmidazole is added. This is left to react under agitithon for 12 
hours then it is filtered through a Gooch crucible to eUmtnate the ream 
and 1 ml (9.6 mmol., of benzylamine ts added to the filtered product. Thrs 
30 is left to react for 48 hour, then 5 ml of a saturated aofuuon of KaC „ 
add ed and Wt under agitation for 30 mtnutes. To this is added 200 ml of 



WO 00/01733 



PCT/IB99/01254 

20 



20 



acetone, the precipitate thus obtained is filtered and dried under reduced 
pressure. 

The dry derivative is characterised by TLC, IR and HPLC analysis. 
% amidation 15% 
5 Example 15 

Preparation of benzylamide of hyaluronic acid 

Two grams (5.2 mmol., of hyaluronic acid in acid form is solubilised in 
100 ml of DMF. To this solution is added 854 mg (5.2 mmol.) of 11. 
carbonyldiimidazole. This is left to react under agitation for 6 hours after 
.o which 1.13 ml (10.4 mmol., of benzylamine is added. The reaction 
proceeds for 48 hours, and is then blocked by adding 200 ml of acetone 
The precipitate thus obtained is filtered and dned under reduced 
pressure. 

The dry derivative is characterised by TLC, TR and HPLC analysis. 
15 % amidation 60% 
Example 16 

Preparation of benzylamide of hyaluronic acid 

Two grams (5.2 mmol.) of hyaluronic acid in acid form is solubilised m 
100 ml of DMF. To this solution is added 2 ml of pyridine, 3.68 g (0.026 
mol.) of p-N0 2 -phenol and pyridine chloride until a pH of 7/8 is reached 
Lastly, 5.3 (0.025 mol., of DCC and 2.8 (0.026 mol., of benzylamine are 
added. This is left to react under agitation for 16 hours after which the 
reaction is blocked by adding 200 ml of acetone. The precipitate thus 
obtained is filtered and dried under reduced pressure. 
The dry derivative is characterised by TLC, IR and HPLC analysis. 
% amidation 5% 
Example 17 

Preparation of benzylamide of hyaluronic acid 

Two grams (3.2 mmol., of HA/TBA is solubilised in 100 ml of DMSO The 
aolutiox, is irisu mated with gaseous HC1 until the reaction mixture 
reaches a P H of between 4.5 and 5. Subsequently, 518 mg (3.2 mmol , of 
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carbonyldiimidazole is added. It is left to react under agitation for one 
hour at room temperature, after which 0.700 ml (6.4 nnnoL) of 
benzylamine is added. The reaction proeeeds for 16-18 hours. After this 
ume 5 ml of a solution saturated with NaCl is added. It is precipitated by 
5 adding 200 ml of aeetone and the preeip.tate thus obtained is filtered and 
dried under reduced pressure. 

The dry derivative is charactensed by TLC (after hydrolysis), IR and HPLC 
analysis. 

% amidation 50% 
10 Example 18 

Preparation of the octylamide of hyaluronic acid 

Two grams (3.2 nunol.) of HA/TBA is solubilised m 100 ml of DMSO. The 
solution is insufflated with gaseous HC1 till the reaction mixture reaches a 
pH of between 4.5 and 5. Subsequently, 207 mg (1-28 nnnoL) of 
I5 oarbonyldiimidazole is added. It is left to react under agitation for one 
hour at room temperature, after which 0.417 ml (3.2 mmol.) of calamine 
is added. The reaction proceeds for 16-18 hours. At the end of this tame, 5 
of a solution saturated with NaCl is added. It is precipitated by adding 
200 ml of acetone and the precipitate obtained is filtered and dned under 

20 reduced pressure. 

The dry derivative is charactensed by TLC (after hydrolysis), IR and HPLC 

analysis. 

% amidation 25% 
Example 19 

,5 Preparation of the dodecyl amide of hyaluronic acidi 

" Two grams (3.2 mmol., of HA/TBA is solubilised in 100 ml of DMSO. The 
solution is insufflated with gaseous HC1 till the reaction mixture reaches a 
pH of between 4.5 and 5. Subsequently. 104 mg (0.64 mmol.) of 
carbonyldiimidazole is added It is left to react, under agitation, for one 
„ « ,1 ™» temperature, a*=r w M eb & CO m£ (3.2 °< 
dodecylamine is added. The reaction proceeds for 16-18 hours. After this 



WO 00/01733 _ 

22 PCT/IB99/01254 

time, S ml of a solution saturated with NaCl is added. It is precipitated by 
addtng 200 ml of acetone and the precipitate obtained is filtered and dried 
under reduced pressure. 

The dry derivative is characterised by TLC (after hydrolysis,. IR and HPLC 
5 analysis. 

% axnidation 2 50^ 

Example 20 

Preparation of the hetadecylamide of hyaluronic acid- 
Two grams (3.2 mmol.) of HA/TBA is solubilised in 100 ml of DMSO The 
.0 solut.cn is insufflated with gaseous HC, til, the reaction mbcture reaches a 
PH of between 4.5 aud S. Subse qU ently. 52 m g ,0.32 mmol, * 
carbonyidnmtdazole is added and ,eft to react under agitation for one hour 
at room temperature, after wh.ch 780 m g (3.2 mmol., of hexadecylamme 
added. The reaction proceeds for !6-18 hours. After this time S ml of a 
<s solutton saturated with Nad is added. It is precipitin by adding 200 m. 
of acetone and the precise obtained is Altered and dried undeTrZ^ 
pressure. tca 

The dry derivative is characterised bv tt n u , , . 

aciensed by TLC (after hydrolysis), IR and HPLC 

analysis. 

20 % amidation 5% 

The invention being thus described, tt is dear that these methods can be 
modtfied m various ways. Such modifications are not to be considered as 
divergences from the spirit and purpose of the invention and any 
* modification that would appear evident to an expert in the field comes 
within the scope of the following claims: 
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! CLAIMS 

2 1. An amide of hyaluronic acid or a derivative thereof which comprises 
at least one repetitive unit of the following general formula: 
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7 
S 
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10 
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17 
13 
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16 
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Rl, R 2> R3, R4 = 



Rs = 



wherein: * 
R = NReRv, or alcoholic group of the aliphatic, 

aromatic, arylaliphatic, cycloaliphauc, 

heterocyclic series. OH. O-, alcoholic group of 
hyaluronic acid, amino group of deacylated 
hyaluronic acid; 

H SO3-, acyl group derived from a carboyxylic 
acid of the aliphatic, aromatic, arylaliphatic, 
cycloaliphatic, heterocyclic series, -CO- (CH 2 )2- 
COOY; Y = negative charge, or H; 
-CO-CH3, H, SO3-, acyl group derived from a 
carboxylic acid of the aliphatic, aromatic, 
arylaliphatic, cycloaliphatic, heterocyclic series, 
acylic group of hyaluronic acid; 

is H or a aliphatic, aromatic, arylaliphatic. 
cycloaliphatic, or heterocyclic group, substituted 
or unsubstituted; 

is H or a aliphatic, aromatic, arylaliphatic, 
cycloaliphatic, or heterocyclic group, substituted 
or unsubstituted; 
wherein at least one of R or Rs forms an amide group. 

2. Amidic, water-soluble compounds obtained by reaction of the 
carboxylic groups of hyaluronic acid with an amino group of the 
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aiiphaue, aromauc. ^ cyc!oaJipha ^ 

for use m ophthajn^ogy and in ophthalmic suxgery ^ S ="~ 
»■ Amtdic compounds according to claim wherein thc hyaluronjc 
acid derivatives are total or t»w,- 7 . hyaluronic 

total or partial esters with aliphatic, aromatic 
-ylahphatxc, cycloaliphatic, heteroaliphatic alcohols 
• Amidic compounds according to clai™ i A . , . 

aHrl h^v,-,*.- " "' ""^^ ulc Hyaluronic 

a«d den.at.ves are cross-hnked compounds wherein part or ^ of 
the c b oxy groups o f toe neuronic residue fom 
molecuiar esters with tte ^ 
polysaccharide ehmn or other chains rcspectivcJy 

Anndtc compounds according to Caim 1. wherein the hyaiurontc 
aetd derives are ero S s-Un ted compounds ^ . * » 
the carhop groups of the D- gI ucuronic res.due are made to c 
wtth polyaicohois ot the ahphahe, aromahc, atyiahphau 
eycloahphatic, heterocyclic series « a«Phabc, 

„ es ' derating cross-iinldn,; bv 

means of spacer chains. y 

Am,d,c compounds according to Caim 1, salified with heavy metals. 

Amidic compounds according to Caim 6. wherein the heavy mctals 
are those of the 4th 501 Ath y IUCUiJS 

nr f W , Sr ° UP ° f 4110 toUe of etenenta and 

preferabiy Sll ve, cobai, iron, copper, .inc. arsenic, strontium 
ztrcontum, antimony, goid. cesium, tungsten, se.enium. p.atinuT 
ruthemum, bismuth, tin, titanium and mercury 

Amtdic compounds according to claims ,- 7 . salifled with 
pharmacologicaJIy active substances. 

Amtdic compounds according to claim 8, whcrcin (he 
phatrnacoiogtcally acuve substances are antibiotics, artti-infecuve 

~t an£Mra1, Cy ' 0StatiC ' MtitUm ° ra1 ' -b-nnammatory,' 
wound heahng agents, anaesthebcs. cholinergic or adrenergic 

and antagonists, anUthrombobc. anbcoagu,! 
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6 haemostatic, fibrinolytic, thrombolytic agents, proteins and their 

7 fragments, peptides, pol3Tiucleotides. 

, 10. Amidic compounds and their salts according to claims 1-9, alone or 

2 m association with one another and /or with pharmacologically 

3 active substances for the preparation of pharmaceutical 

4 compositions. 

1 11. Amidic compounds and their salts according to claim 10, wherein 
the pharmacologically active substances are antibiotics, anti- 
infective, antimicrobial, antiviral, cytostatic, anutumoral, anti- 
inflammatory, wound healing, anaesthetic agents, cholinergic or 
adrenergic agonists or antagonists, antithrombotic, anticoagulant, 
haemostatic, fibrinolytic, thrombolytic agents, proteins and their 
fragments, peptides, polynucleotides, growth factors, enzymes, 
vaccines, substances used in the treatment of dieases associated 
with genetic defects, deforming diseases and hereditary diseases. 
Amidic compounds according to the previous claims, in association ~ 
with radioactive or non-radioactive substances, used in contrast 
systems as labels in in vivo diagnostics to identify and treat tumoral 
tissues or damaged tissues. 
13. Pharmaceutical compositions containing the amidic compounds 
and their salts according to claims 1-9, alone or in association with 
one another or with other pharmacologically active substances. 
I 14. Biomaterials constituted by amidic compounds and their salts 
according to claims 1-9, alone or in association with one another or 
with other natural, semisynthetic, synthetic polymers and, 
optionally, with biologically active substances. 

Biomaterials according to claim 14, wherein the natural polymers 
are collagen, co-precipitates of collagen and glycosaminoglycans, 
cellulose, polysaccharides in the form of gels such as chitin. 
chitosan. pectin or pectic acid, agar, agarose, xanthanc, gcllan, 
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aiginic acid or alginates, polymannans or polygiycans, starch, 
natural gums. 



16. 



3 
A 
5 
6 

J 17. 



18. 



Immaterial* according to claim 14, wherein the semisynthetic 
polymers are collagen cross-linked with agents such as aldehydes 
or precursors of the same> dicarboxyIic acids Qr ^ haIogenides 

diamines, derivatives of cellulose, hv*^™^ ^ , ... 

, _j — uniun or 

chitosan, gellan, xanthane, pectin or pectic acid, polyglycans 
polymannan, agar, agarose, natural gum or glycosaminoglycans 
Biomaterials according to claim 14, wherein the synthetic polymers 
axe polylactic acid, polyglycolic acid or copolymers of the same or 
th«r derivatives, polydioxanes, polyphosphates, polysulphonic 
resins, polyurethanes, PTFE. 

Biomaterials according to clarms 14-17, in association with fibrin 
and optionally with other biologically active substances for the 
preparation of surgical glues. 

1 19. Biomaterials according to claims 14-17 w 

s w ^idims 1^-1/ lor the preparation of 

2 scaffolds for cell cultures. 

Biomaterials according to claims 14-17 for the preparation of 
surgical and health-care articles. 

Biomaterials according to claims 14-17, in the form of guide 
channels, gaUz es. threads, gels, hydrogels, tampons, films 
membranes. sponges, 
nanospheres and associations of the same. 

Surgical and health-care articles according to claim 20. in the form 
of guide channels, gauzes, threads, gels, hydrogels, tampons, films 
membranes. sponges, non-woven fabrics. microspheres.' 
nanospheres. 

Bromaterials according to claims 14-17 for use in surgery 
hemodialysis, cacology, dermatology, ophthalmology 
ororhinolaryngology, dentistry, orthopaedics, gynaecology, urology 



i 20. 

I 21. 
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l 22. 



23. 
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a in extra-corporeal blood circulation and oxygenation, in cosmetics, 

5 in angiology. 

1 24. Biomaterials according to claim 23 where surgery should be taken 

2 to mean internal or osteoarticular surgery, neurosurgery, 

3 anastomotic, viscoelastic, ophthalmic, oncological, plastic, 
aesthetic, otorhinolaryngological, abdominal-pelvic, 
urogynaecological or cardiovascular surgery, such as in the 
preparation of cardiac valves, vascular stents, in the prevention of 

7 post-surgical adhesions and hypertrophic scarring. 

1 25. Arnidic compounds and their salts according to claims 1-9 for the 

2 coating of biomedical objects such as bypasses, venous catheters, 

3 shunts, catheters, guide channels, probes, cardiac valves, artificial 
tendons, bone and cardiovascular prostheses, contact lenses, soft 
tissue prostheses, prostheses of animal origin, blood oxygenators, 
artificial kidneys, hearts, pancreas and livers, blood bags, syringes, 
surgical instruments, filtration systems, laboratory instruments, 

g containers for cell cultures and for the regeneration of cells and 

9 tissues, supports for peptides, proteins, antibodies, 

l 26. Use of the arnidic compounds according to claims 7-8, in 
dermatology, ophthalmology, dentistry, stomatology, rheumatology, 
urology, gynaecology, internal surgery, as food supplements, anti- 
oxidant, anti-rheumatic, anti-tumoral, anti-mflammatory, analgesic, 
5 anti-ulcer agents. 

1 27. Use of the arnidic compounds according to claims 1-5 for the 

2 preparation of salts with pharmacologically active substances. 

1 28. Use of the arnidic compounds and their salts according to claims 1- 

2 9 alone or in association with one another and/or with 

3 pharmacologically active substances for the preparation of 

4 pharmaceutical compositions, biomaterials, surgical and health- 
s care articles, slow release systems and systems for the coating of 
6 biomedical objects. 
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I 29. Use of the amidic compounds and their salts according to claims 1- 
9, m association with radioactive and non-radioactive substances 
used in contrast systems as labels in in vivo diagnostics for the 
idenUiication and treatment of tumoral tissues or damaged tissues 
> 30. Use of the axnidic compounds and their salts according to claim 28 
wherein the biomaterials arc in the form of guide channels, gauzes' 
threads, gels, hydrogels, tampons, films, membranes, sponges non- 
woven fabrics, microspheres, nanospheres and associations of the 



4 

5 same, 
i 31. 



4 



2 



Use of the amidic compound according to the previous claims in 
surgery, haemodialysis. cardiology, dermatology, ophthalmology 
otorhmolaryngology. dentistry, orthopaedy, gynaecology, urology 
m extracorporeal blood emulation and oxygenation, in cosmetics 
5 and in angiology. 

l 32. Use of the amide compounds according to claim 31, where surgery 
means internal, osteo-articular surgery, neurosurgery, anastomotic 
viscoelastic. ophthalmic, oncological, plastic aesthetic' 
otorhinolaryngologics. abdominal pelvic, urogynaecological' 
cardiovascular surgery such as in the preparation of cardiac valves 
vascular stents, in the prevention of post-surgical adhesions and in 
7 hypertrophic scarring. 

I 33. Use of biomaterials according to claims 14-17, in association with 
fibrin, and optionally with other biologically active substances for 
3 the preparation of surgical glues. 

1 34. Use of biomaterials according to claims 14-17 for the preparation of 

2 scaffolds for cell cultures. 
Process for the preparation of amides on the nitrogen of hyaluronic 
acid or a deacetylated derivative thereof involvxng the following 
steps: 

a) deacetylation reaction; 



i 35. 
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b) preparation of the quaternary ammonium salt of the 

6 deacetylated compound; 

7 c) preparation of the acylating agent in the form of active ester; 

8 d) N-acylation reaction between the quaternary ammonium salt 



9 
10 



of hyaluronic acid or a deacetylated derivative thereof and the 
acylating agent. 

36. Process according to claim 35, wherein the deacetylation reaction is 

2 obtained by using hydrazine sulphate /hydrazine. 

, 37. Process according to claim 35, wherein the quaternary ammonium 

2 salt is the tetrabutylammonium salt. 

, 38. Process accirding to claim 35, wherein the active ester is the 

2 paranitrophenyl ester of aliphatic, aromatic, arylaliphuc. 

3 cycloaliphatic, heterocyclic acid, chosen for the formation of the 

4 amide. 

, 39. Process for the preparation of the amides on the carboxyl of 

2 hyaluronic acid or a derivative thereof, involving the following steps: 

3 a) activation of the caxboxy groups by reaction of the same, in 

4 the acid form or as a quaternary ammonium salt, with an 

5 activating agent, in acid solution or on acid resin; 

c b) reaction with an amine of the aliphatic, aromatic, 

7 arylaiiphatic, cycloaliphatic, heterocyclic series. 

1 40. Process according to claim 39. wherein the activating agent is 1,1- 

2 carbonyldiimidazole. 
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